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(54) Tag dreuit arrangement 

(57) A circuit arrangement particularly for use with a transponder, comprises a transistor (1) configured to 
detect an amplitude modulated signal upon operation within the non-linear relatively low gain region (A) of 
the transistor's current voltage characteristic. The tranislstor Is also configured by means of a feedback 
aiTongement (10, C^) upon operation within a linear relatively higher current and gain region (B) of the 
cheracterfstlc to reflect the elgnal with an increased amplitude, the transistor acting as a negative resistance. 
The change in operating point is effected by switching the biasing network a (6, 7) values. Operation of the 
switch (52) while in the reflection mode is also used to modulate the reflected signal. Modulation (14) of the 
power supply to the trenslstor with a periodic waveform produces a single side band reflected signal. 
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CIRCIirT AURANCSMENT 




• 


This mvmtion lelates to a dicuit anangraioit in particular, although not adusivdy* fyr 






use wilfa a pseodo passive transponder (PPT). 






ConventionaUy PPTs use a diode detector aixangqment to detect an incoming signal 




5 


from an intenogating source. The diode can be operated as a modulated reflector by 






modulating die incoming signal with infoimation and r^ecting it back to the 






interrogating source, llieieflecled signal is however ofieducedanqiUtude with respect 


- 




to the incommg signal whidi limits tfieusefU range of the transponder Inadditionthe 






reflected signal has a double sidd}and wMdi inoeases the oompl^ty of the circuitry 
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required at file int^n>ga!ingsouioe and reduces the spectral efifidenqr of the sys^ A 






need exists tfa^^^ore for a drcuit airangement for use in a PPT which can be made 






availabteatielatively low cost, which can increase die availabteopoat^ and 






preferably emit energy with only a single sideband 




15 


This invmtion provides a circuit arcan^ment comprising a transistor configured to 






detect an amplitude modulated signal upcm operation wittin the non-linear relatively low 






gain region of die transistois cunrat/voltage diaracteiistic, the transistor also being 






configured by means of a feedbadc arraignment upon operation wifiiin a linear rdativdy 






hi^er current and gain region of tfie charactenstic to reflect the signal with an incieased 




20 


anq>litude. 






Surprisingly, the applicants have found diat a single transistor can be used both as a so 
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called *'cold ca&ode" detector and a idSective anqilifier merely by changing the 

operating conditions of flie transistor. As conopared to the known diode arrangement, 

thm need not be a significant increase in power consumption. 

5 In a preferred embodiment, the transistor is a field effect transistor (FBI) which is 
s witdiable betwera Ae detect and reflect modes by increasing the drain/souroe current 
With such a device, when operated at microwave fisquencies, the feedback can be 
provided via the intrinsic capacitance b^em tiie gate and sonice of the FET. 

10 Accordmg to another aspect of die present invention theie is provided a modulated 
i^tector drcuit ana^gement comprismg a transistor configured by means of a feedback 
anaqgement upon operation widun a Imear r^on of die transistor's current/volti^ 
charactmstic to reflect an mcoming amplitude modulated signal with an increased 
amplitude and modulating means operable to modulate poww to the transistor with a 

15 periodic waveformin which the reciprocal of die period of the p^odic waveforai is the 
requu^ sideband fiequrac^ of the reflected signal and the waveform is sel^^ 
that the arrangement reflects a substantially single sideband signal. 

In order that flie mvCTtiion may be well understood, embodiments thereof will now be 
20 described by way of exampte with reference to the acoompanyii«draw^ 

Figure 1 is a schematic circuit diagram of a circuit arrai^ment; 



Figure 2 shows a typical vdtage/cunent characteristic of a FET; 
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Figure 3 shows tibe ddected sigmd in anofhra: mode of dp^ntion; and 

Figine 4 is a GUGoit diagiun of a dxc^ 

5 As shown in Figme 1 a dicnit ammgement oompiises a field effect transistor 1, which 
can for exan^le be eiflier a silicone JFET or a OaAs device^ deprading on the lequiied 
operating fiequracy. An antenna 2 siqiplies a signal via a matching netwoilc 3 to the 
gate 1^ of the transistor The drain 1^ is connected via a bias netwoilc 4 to a pow^ 
supply 13 producing a rail voltage The bias conditicms on the gate side are set by 
10 fneansofmqipic^iriatebi^ Hie source 1^ is 

connected via a bias netwoik 6 to a yadable cunrat source 7 which is itself connected 
tbaconiiolciicuit S. lliel^iidwoik8 4r5,6provi 

low voltage, low fiequoiqr signals on the control side, and die typically much hi^i^ 
frequencies with whidi a transpond^ is deagned to operate. 

15 

An output 9 is taken from tiie source side of the transistor fiom beyond tiie bias netwoik 
6. Tennmationcucuitiy 11, 12 is provided on the drain and source si^ Theexact 
nature of the compom^xts will vary depending upon the frequracy of operation, but 
essentially ttie networks 11, 12 determine die fiequ^y and phase characteristics of the 
20 drcuiL 

A feedbaidc airangement is provided by a line 10 and capadtor At mic^wave 
frequencies it is possible by appropriate selection of the termination drcuitiy 1 1, 12 to 
exploit the intrinsic capacitance between die gate Ig and source 1^ to provide the 
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fisedbadc cqiacitanoe Q. 

Hie variaUe cmxeiit souice 7 can be used under control of control dicuit 8 to alter the 
drain source bias cnnsnt and tfaei^ canse die dicait to qiei^ 
S aswfflnowbedescribedwidixefeienoetoFiguiel Rgure28howsthel3^icalvai^ 
in drain source volts^ widi diain cnneot 1^ die so-called trans 
aFET. Widi die transistor operating widiin die non linear leladvdy low pin region A 
it can, as is well known, dieieby aetas adetectorbyampliQu^Ulgiier ampiitnde signals 
lelativdy more dian Iowa amplitude signals, inoeasing die drain cuoent futdier die 
10 transistor operates in die linear r^vdyldglitfcunent and gain region Bd^ 

feedback provided on line 10 and by capadtor Q. Ibe traimstorliien ads as a negative 
resistance cft amplifier leflecting any incoming signals widi an increased ampiitn^fp 
Lifiicmation can be transmitted to an intenogadon source by modnladng die drain souice 
current using die vaiiable current source 7 and contnd circuit 8. Unlflce die pdor ait 
15 diode arrangements, die amplitudes of die infoimation canying sidd>ands of die 
reflected signal whoi opraated as a modulated refle«or can be greater than tbe incoming 
signaL 



As widi tbe prior ait diode airangement die present invoidon when operated as a 
20 modulated reflectorproducesadoiAto sideband signal. Unlikedie^^ 

a single sideband signal can however be produced by modnladng die power to die * 
transistorlwidiaspecialfoimofpaiodicwavefoim. R^nangtoFignrel,modute^ ? 
means 14 controls die power supply 13 and control circuit 8. The modulating means is 
configured to modulate ddier the drain source cuiient and/or the rail voltage widi a 



V 
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complex pmodic wavefonn, for «aiiq>le a distoited sine vrave. Hie pododic wavefonn 
is selected sudi that die reciprocal of die period of the wavefonn is equal to the 
fiteqara^ of leqoiied siddMud. ft has been found that moduktmg the cuirmt and/or 
voltage in diis way when in its reflective mode produces a single sideband emission. 
5 This is because die sideband energy is gBneated from two fimns of modulation, phase 
andamplitude. The genoaled sideband pairs from the two forms of modulations^ 
opposite phase relationship and theiefore when die anq)litude of the sidebands is 
balanced die sidebands on one side cancel whilst die oth^ combine lesultmg in a single 
sideband. MbdidatingthepowertotfaetnuisistorhastlieefEBCtof modul^^ 
10 and amplitude of the lefiectiim coefficient of die transistor. The concept of modulating 
die power to the tcansistor to produce a angle sideband emission is considoed invrative 
in itsdf and aocordinijly diis concept is not restricted to a dicuit arrangement which has 
to be opmble both as a detector and as a modulated reflector. 

15 Tlie circuit anangenarait shown in Figure 1 can also be o 

receiva further increasing the drain cunent \ to region C. In this way the tcansistor 
becomes unstable and win osciUale. Kguie 3 shows the drain source voltage varying 
with time as the variable current source 7 is switched on at times t^, t^ and off at t| , ^ 
by die control circuit 8. The amplitude oftfae oscillations increases up to a maximum 

20 level V^n„). Tlie circuit can be used as a sensitive detector due to die fisu^t that an 
incoming signal to the gate 1^ as long as it is at the frequency of oscillation, will lead to 
a decrease in the rise time T|, as conqpaied to the rise time T^^ to reach a given level of 
oscillation amplitude V^^ when no such signal is detected. By switching or modulating 
the variable cunent source 7 information can be transmitted back to die intorogating 



source. 
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Figuie48hovraadiciutanangeiDentiypicaUyfaru8eatl)HFfie^^ Thedicuit 
is genoally simiilar to that shown schematically in Figure 1 and die same parts are 
5 idoitified with Ae same v^aDmcenuniaals. Thematchiqgnetwoik3ispiovidedbya 
capacitar Q and a choke BFC,. The hias network 5 is provided by a capadNor C^. 
Termination networks 11, 12 are constituted by a capacitor C4 and resistor R,. Hie bias 
network 6 on die ou^ut side is provided by a fiirdiar dioke SFQ and resistor 
connected in series. 
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1. A ciiciiit anan^meiit oomprisiiig a transistor configuied to detect an amplitude 
modulated signal upon opeiadon wilfain the non-linear relatively low gain region of the 
transistors cnttent/voltage diaracteiisdc, the transistor also bd^g configured by means 
of a feedback amqgement upon qieialion within a linear relatively higher cinrent and 
gain region of the charactnistic to reflect die signal with an increased amplitude. 



2 • A circuit arrangement according to daim 1 further including modulating means 
operable in the higher gain region to modulate power to the transistor with aperiodic 
waveficnm in whidi die redprocal of the p»od of the praodic wavefimn is the required 
sideband fiequracy of the reflected signal and the wavtf omi is sdected such that the 
ammgemoit reflects a substantially siiigle sideband signaL 

3. A drcuitanangement according to daunl in whidi the trpsisto^ 
transistor (FET). 



4. A circuit anangement according to claim 3 which is switchable betwem the 
detect and reflect modes by inoeasmg the drain/source cuirHiL 

5. A circuit arrangraient according to claim 3 operable at microwave frequencies 
and in which the feedback is provided via the capacitance betwera the gate and source 
oftheEET. 



8 P/9293/MRC 

6. A €iiciiit anangpioent according to any piecedm 

which provides the anq>]itiide modulated signal to the transistor. 

7. A circuit arrangement accordmg to daun 6 including means for switchmg into 
and out of die reflective mode so as to modulate the reflected signal 

8. A circuit aiiangeroent according to any preceding claim including means for 
pCTodically furlh» inoeasing Oe cunent so as to cause the transistor to oscillate. 

9. A circuit anangemrat according to claim 8 as depoidrat on daim 6 includmg 
fiirdi^ mems fiir detecting an incoming signd havi^ 

to die osdUabny firequ decrease in the time taken to readi die osdllatmg 

condition. 

10. A dicuit anangement substantblly as described with reference to the drawings. 

11. A transponder indudii^ a circuit anangement aocoidmg to any preceding claim. 

12. A modulated reflector circuit anangement comprismg a transistor configured by 
means of afeedbadc anangement upon operation widun alinear r^on of die transistor's 
cunent/voltage characteristic to reflect an incoming amplitude modulated signal with an 
increased an^litude and modulating means op^able to modulate power to die transistor 
widi aperiodic waveform in which die reciprocal of die period of die periodic waveform 
is the required sideband frequency of the reflected signal and the waveform is selected 
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such that tfie arrangement reflects a substantialty single sideband signal 
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